I. Introduction
Traffic noise barriers are widely used to reduce exposure to traffic noise in neighbouring residential areas. In the presence of a barrier, the noise at a receiver location on the opposite side of the barrier from a source is due to two sound pathways: the transmitted pathway through the barrier and the diffracted waves emanating from the top of a barrier.
Barriers are usually built with solid materials that should effectively block direct sound propagation. However, it is known that poorly fitted panels and other defects can lead to sound leaks that significantly reduce barrier performance in the field 1 . Such construction-related performance issues and the transmitted pathway are not considered in this paper. A solid barrier's performance is thus limited by the diffracted sound which is highly dependent on (i) source frequency, (ii) relative source and receiver positions and (iii) the barrier top geometry 2 .
The simplest way to improve barrier performance at a given receiver location is to increase its height. However, aesthetic problems as well as cost and safety issues usually prevent the transportation authorities from increasing the height of barriers above a certain limit 3 . Since different barrier top geometries modify the diffracted waves, various barrier shapes have been investigated in an attempt to achieve the same performance as a higher vertical screen . By finding an improved barrier top design it may be possible to keep the same barrier performance with a reduced barrier height.
In recent decades, numerous modifications to barrier design have been proposed to improve barrier performance and there are now a number of different designs of barrier top used in practice. For instance, in Japan alone there are approximately 20 types of devices that modify the edge shape of the noise barrier and are distributed as commercial products 4, 5 . Shapes of different barrier tops have included T-shaped, L-shaped, Y-shaped, as well as arrow, cylindrical, multiple and random edge configurations.
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Different methods are used to study top-modified barriers. They include field and large scale measurements, theoretical/numerical simulations and scaled laboratory experiments. Field measurements are complicated, expensive, have poorly controlled background conditions and are usually difficult to repeat and interpret 6, 7 , while large scale experiments require huge anechoic laboratories which are expensive to build and run. The main problem in three-dimensional simulations is the long calculation time, especially for barriers with complicated tops and so, often, the calculations are carried out using a two-dimensional model. Two-dimensional boundary element methods have been used to estimate the insertion loss of noise barriers. Numerical models have been developed to calculate barrier efficiency, to assess the acoustic performance of a range of barrier designs and for optimization of the acoustic performance of barriers [8] [9] [10] . Finite-element methods are also used to calculate the insertion loss of different noise barrier designs 11 . The computational cost for these two-dimensional numerical simulations is not significant but the cost increases significantly for fully three-dimensional calculations and for higher frequencies. The calculation time depends also on some other parameters, e.g. the chosen frequency range 12, 13 .
While some of the difficulties in conducting field experiments have been addressed by the new European procedure EN 1793-4:2015 (previously CEN/TS 1793-4) 14 , an experimental method in which scaled experiments are used offers an attractive alternative 15, 16 . The main idea of this approach is based on the invariance of the sound speed in air for similar field and laboratory conditions. This allows a scaled model of the barrier to mimic the performance of a real traffic barrier, when the frequency band of the laboratory sound source is increased by the same factor relative to typical frequency band of traffic noise. The scaling is straightforward if any surfaces reacting with the measured sound are rigid, otherwise the impedance of the surfaces must also be scaled. The scaled
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The main purpose of this present work is to develop a universal methodology for obtaining the diffractive characteristics of different top barrier designs and, by comparison, identify geometries that may have performance advantages over traditional thin screen barriers. Our approach is to use scaled laboratory experiments and an impulsive point sound source. If the duration of the sound pulse is sufficiently short, the primary signal that takes the shortest most direct route diffracts above barrier and arrives at the receiver much earlier than any secondary signal that has been reflected or diffracted by the surroundings. These latter signals are easily separated from the primary signal infomation and only the information from the primary signal is analysed. Such an approach eliminates the need to build an expensive acoustic anechoic chamber for experiments, thus paving a new avenue for conducting acoustic experiments in the laboratory. The apparatus is placed in the laboratory on a dense, thick wood table that serves as the ground plane. The typical frequency range of the sound source (1-30 kHz) is 10 times the typical frequency range of traffic noise (100-3000 Hz). Thus the experiments can be considered as 1:10 scaled experiments of a real traffic noise barrier top.
The barriers top designs considered in this paper can be divided into two groups: (i) barriers with homogeneous tops that maintain the same height and geometry along the entire barrier length and (ii) barriers with heterogeneous tops that have variable height and geometry along the barrier length. Typical examples of homogenous tops include a thin vertical screen and T-shape tops. Typical examples of heterogeneous tops are the so-called jagged tops which have a regular or random variation of height and geometry. Naturally, the acoustic diffractive characteristics of the homogeneous barrier tops remain uniform
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II. Experimental set-up and method

A. Experimental schematic and instrumentation
Experiments were conducted in a laboratory in air at room temperature; see Fig. 1 post processed using the custom built MATLAB software described in appendix A.
B. Laboratory sound source
In experiments related to scaled acoustic modeling, different methods are used to model an impulsive point source with a short spherical acoustic wave of high intensity. Gun shots, the discharge of shot-shell primers, ultrasonic air-jet whistles, very powerful impulse lasers and spark dischargers have all been used to produce short N-shaped spherical sound waves [17] [18] [19] [20] [21] .
The most popular method to generate an N-shaped sound wave is to use a spark discharger and there are a number of descriptions of different spark dischargers in the literature.
These descriptions, however, are only schematics that omit the important details required to build such a device 22, 23 . As a consequence, we designed and constructed our own device ab initio, taking into account the following main requirements: relative simplicity, short duration, small size, omnidirectionality and most importantly -high stability. To satisfy these requirements and by taking into account that two-electrode devices are typically not stable, a three-electrode triggered spark discharger was built, as shown in Finding optimal geometries for noise barrier tops, JASA, p. 9 electrode, can be adjusted.
The sparks were generated by first applying a high voltage (3-5 kV depending on the gap) between the two main electrodes. This voltage was produced by a variable six stage Cockcroft-Walton voltage multiplier circuit and was kept lower than the breakdown voltage of the gap. After that, a short impulse of smaller voltage (1-2 kV depending on the trigger electrode position) was applied to the third trigger electrode placed between two main electrodes to provide an initial ionization of the air necessary to cause the spark breakdown and subsequent discharge of the capacitors in the voltage multiplier. After the spark was discharged, the capacitors were recharged and after a short time the next spark was able to be generated. Voltage measurements were made with a high-voltage probe (1000:1) placed on the high-voltage electrodes and showed high stability (±0.03% variability) with time (see appendix B for further details).
The most important sound source characteristics are: (i) repeatability of sound wave duration and intensity, and (ii) approximate omnidirectionality at the very least. These properties were confirmed for our spark discharger by our measurements. Test measurements were made for two microphone orientations -normal to the sound wave front and at grazing angle. Comparison showed that although the microphone sensitivity is higher in the normal position, its transitional characteristics and omnidirectionality are improved when in the grazing position. This is in agreement with available data and is related to the specific construction of condenser microphones. In addition, the microphone safety grid generates a diffracted signal that contaminates the measured signal in the normal microphone position. Taking this into account, the grazing position was chosen as the primary microphone position in all measurements.
Typical traces of the recorded pressure P (t) (measured in Pascals) as a function of time, t, for the grazing microphone position are given in Fig. 3(a) . These data were The data for free signal shown in Fig. 3(a) gives an estimate of T = 60µs for the typical signal duration and thus the dominant frequency is determined as
At normal atmospheric conditions this gives an estimate of L = 2cm
for the typical wave length, which may be used as a characteristic length scale,e.g., for the lateral variations in the jagged barrier top profiles (see below). The distance between the main electrodes (0.3 cm) is much less than L and so the sound source can be regarded as a point source at the typical distances of about 60-90 cm which were used between the microphone and sound source in our experiments. The azimuthal distribution of the sound intensity for the grazing microphone position is shown in Fig. 3(b) and the distribution appears to be approximately omnidirectional.
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C. Measurements procedure
In experiments, the large solid wooden table (5cm × 150cm × 450cm) served as the ground.
A vertical barrier was fixed rigidly to the table and various removable aluminum tops, all of which could be moved accurately along the barrier, were attached to the barrier. Six different tops were used in this study as shown in Fig. 4 : a thin vertical screen with a straight top (S), jagged regular (RG), jagged random (RN), T-shape (T), L-shape down (LD) extending away from the source, and L-shape up (LU) extending towards the source.
All tops were made from aluminum and were considered to be acoustically rigid and non-absorbing.
For the jagged regular geometry (RG) a system of identical triangles with equal horizontal, ∆x, and vertical, ∆z, spacing was used; the jagged random geometry (RN), on the other hand, had a piecewise profile with fixed horizontal spacing, ∆x, but with a randomly generated vertical spacing of mean value ∆z. These geometries are shown in Fig screen and digitized at a selected frequency. In all measurements this frequency was set to f S = 2 MHz, which enabled 4000 data points to be stored with the time interval ∆t = 0.5µs. To omit the secondary diffracted/reflected signals that arrive at later times (t > 1.5ms) reflected from the barrier sides, ground and room ceiling/walls, only the first N 0 = 3000 data points were used.
A series of sixteen experiments with different sound source-microphone positions (see cm, from the origin and the angles used are:
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D. Post-processing procedure
After each experiment, the measured sound pressure signals stored by the LabVIEW software were post processed using custom-built MATLAB software (see Appendix A).
Methods of spectral analysis were used in the data processing. First, the pressure frequency spectra were calculated from the initial sound pressure data. After that, additional functions were used to calculate insertion losses for different tops as functions of the frequency and of the source and microphone positions. Using the insertion loss functions, the results were rescaled to spatial dimensions comparable to a full-size noise barrier and frequencies were rescaled to values typical for traffic noise sources. Single number ratings of the traffic barrier performance were then calculated and directivity diagrams obtained.
Two different methods were used to calculate the frequency spectra, namely, a standard fast Fourier transform (FFT) and a 1/3rd octave filter. In the FFT method, to improve the resolution, the spectral window width was reduced by using standard zero padding and thus an additional 17000 points were added to the original N 0 = 3000 data points; thus, in total, N T = 20000 points were used in the FFT calculations. For the spectral window width this yields the estimate ∆f = f S /N T = 100Hz, which remains constant across the entire frequency band. Calculations were made only in the frequency range 600-50000 Hz which are the scaled frequencies relevant for traffic noise. In the 1/3rd octave filter method we used a spectral filter developed by Couvreur 24 , which was modified to cover a higher frequency band (up to 80 kHz). Calculations of insertion losses were made with standard central frequencies in the range 630-50000 Hz and the window width increasing with frequency. Note that the calculation here is not the same as averaging the FFT calculations over 1/3rd octave windows. Instead, a completely different direct filter method was used and the results obtained by standard FFT with a constant window width and the 1/3 Octave filter are compared below.
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In the FFT method, first, the complex frequency spectrum of the sound pressure is calculated and the spectral density amplitude S(f ) is then determined by the magnitude of this frequency spectrum, where f = 600, 700, 800, . . . , 50000 Hz. In the 1/3rd octave filter method the spectral density amplitude S(f ) is calculated directly at the standard 1/3rd
octave central frequencies f = 630, 800, 1000, . . . , 50000 Hz.
Using the spectral density amplitudes, the values of the insertion loss functions may be calculated as
where S 0 is the spectral density amplitude of the free (F) signal and S(f ) is the spectral density amplitude obtained when one of the barrier types is positioned between the source and microphone. Note that the definition of insertion loss gives the relative sound attenuations for different frequencies and these attenuations do not depend directly on the characteristics of the sound source used in the experiment. This permits the use of short sound pulses in testing barrier performance alone as mentioned in the introduction.
Because the sound pressure of the diffracted signal is a function of many parameters, the spectral density amplitude and insertion loss are also functions of those parameters.
Thus,
where R, θ S , θ M describe the source and microphone positions, A is the barrier top type (S,T,LD, LU, etc.) and x is the dependence on the lateral barrier position for the non-homogeneous tops RG and RN. In this way, insertion losses for the different barrier top geometries can be calculated and their performance compared.
Naturally, the main purpose of such scaled experiments is to measure the actual insertion loss functions for full size noise barriers. If the typical sound source frequency in the experiments is N times the frequency of the traffic noise (in our case N = 10, see
Finding optimal geometries for noise barrier tops, JASA, p. 18 below), the experiments can be considered as a 1 : N scaled experiments. The frequency of the laboratory measured insertion loss function is simply rescaled from the laboratory frequency f to the traffic noise frequency as F = f /N . Then, using the rescaled insertion loss function and proper estimates for the free traffic noise spectrum, the characteristics of the diffracted traffic noise behind a barrier with a rescaled length scale can be estimated.
In particular, a single number rating for the traffic barrier performance can be estimated and the directivity diagrams obtained for different barrier tops.
III. Diffraction theory
The insertion loss function for the simplest case of the thin vertical screen straight top barrier can be parameterized in terms of the Fresnel number, F N . This number is the most important dimensionless parameter affecting the diffracted signal in the considered geometry ( Fig. 5 ) and can be defined for our case as
where C is the ambient speed of sound. Based on the experiments reported by Maekawa 25 , the following empirical parameterization for the insertion loss (in dB) of vertical thin screens is proposed 26, 27 :
where a 0 is an empirical constant. Maekawa's estimate (4) for a thin vertical screen is shown as a dotted line in some plots of insertion loss presented in Section V.
A more accurate validation of the experimental results obtained in the laboratory is to compare the measured insertion losses obtained for each 1/3rd octave frequency band to those obtained using the so-called geometrical theory of diffraction. The analytical solution adopted for this purpose is that of wave diffraction by a wedge 28, 29 . We adopt the input frequency f in a non-refracting atmosphere of constant sound speed C, the pressure field measured at the microphone situated behind a thin vertical screen is
where k = 2πf /C and the function A D (X) governing the diffraction behaviour 28 can be written as the integral
For calculation purposes, it is more convenient to express A D (X) in terms of the auxiliary Fresnel functions, f (X) and g(X) (Abramowitz and Stegun 1964, p300, eqns 7.3.5 and 7.3.6), as follows:
Plots and asymptotes of the functions f (X) and g(X) can be found in Pierce 28 , which demonstrate their most important properties that f (0) = g(0) = 1/2, f (X), g (X) < 0 for X > 0 and f (X) ∼ (πX) −1 and g(X) ∼ π −2 X −3 for large X; practically, these asymptotes are accurate so long as X is larger than 2. The theoretically obtained insertion loss for our thin vertical screen straight top (S) can now be derived analytically as
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We note here that the important response of insertion loss to distance R, sound speed C and frequency f only appears as the product f R/C, confirming the ability of our scaled lab experiments to reproduce the effect of a full size non-absorbing barrier. The consequence also highlights the fact that increasing the distance of the microphone and point source from the top of the barrier by some factor achieves an equivalent increase in insertion loss that would occur by increasing the frequency of the point source by the same factor.
The same analytical theory can also be applied to the other homogeneous tops (T, LD and LU) by adopting the theory of double-edge diffraction over multiple wedges and, in this paper, the theoretical insertion loss for the T-top is calculated using Eqs. (20) to (25) of Pierce 28 where β S and β L are set to 2π for the T-top. These theoretical insertion loss functions are compared directly in Section V. to the results obtained from our laboratory experiments.
IV. Results of selected experiments and general sound characteristics
In this section we consider some results from the laboratory measurements. Initially, we present the results obtained in a set of experiments conducted with the geometry S30M00R30 (see Fig. 5 ). Typical free and diffracted sound pressure signals as well as their spectra and insertion loss functions are presented. We consider first experimental data for the homogeneous barrier tops (S, T, UL, UD) and compare them to the case of the free signal (F). After that similar data for the heterogeneous jagged tops (RG, RN) are considered. In both cases the results obtained by using both Fourier analysis and a 1/3rd octave filter are presented and compared.
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As can be seen, all three spectra also practically coincide. The arrow shows the dominant frequency, which was estimated from the data to be f 0 = 17kHz.
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A. Free signal (F)
Three recordings of pressure, P (t), measured at the microphone as a function of time, t, for three free (F) signals are shown in Fig. 6(a) . All three signals practically coincide, and resemble the so-called N-wave with a weak tail; this is a profile that is typically used in 
B. Homogeneous tops (S, T, LU, LD)
The spectral density of the mean diffracted signal for the barriers with homogeneous tops in the configuration S30M00R30 are shown in Fig. 7 . For the thin vertical screen (S), the max amplitude of the recorded diffracted signal is about 15 Pa, which is approximately six times less than the free (F) signal measured with no barrier (Fig. 6 ). In addition, the spectral maximum amplitude for diffracted signal for the thin vertical screen (S) top is 4 kHz lower compared to the recorded free (F) signal. The spectrum of the mean diffracted signal for the T-shape (T) top is shown in Fig. 7 to the spectrum shown in Fig. 7(b) for the T top. More detailed analysis shows that the LU top pressure data, for signal as well as for spectrum, are somewhat higher than similar data for the T top. On the other hand, the spectrum for the LD top is qualitatively very similar to that of the thin vertical screen (S) top in Fig. 7 (a). These similarities are likely to be caused by the fact that, in the case shown, the microphone is located at the same height as the barrier top (θ D = 0) and so the main diffractive effect arises from the shape of the edge facing the source.
C. Heterogeneous tops (RG, RN)
In contrast to the diffracted signals from the homogeneous tops, the diffracted signals from the heterogeneous (jagged) tops depend strongly on the along-barrier position. As Finding optimal geometries for noise barrier tops, JASA, p. 27
A. Insertion loss functions for different tops
Using the spectral density amplitudes, obtained for the free and for the diffracted signals, insertion losses were calculated using (1) and typical insertion losses as functions of frequency for different top geometries are discussed briefly below. To validate our laboratory results, a plot of the insertion losses calculated from laboratory measurements for the S type barrier top lab versus the analytical expression given in (8) is shown in Fig.   9 ; the agreement is very good. A visual comparison of the insertion loss spectra for different barrier types in Fig. 10 and across the other tested configurations clearly indicate the T-top providing the best performance, closely followed by the LU-type barrier. The LD-type barrier performance aligns more closely with that of the thin vertical screen (S). The relative efficiency of these barrier types relative to a thin-screen S-type barrier in three different configurations is shown in Fig. 11 . In all three configurations, the T-top clear has the highest efficiency Typical data for the insertion loss functions for heterogeneous (RG, RN) tops relative to the thin vertical screen (S) for two particular source-microphone configurations are also shown in Fig. 11 . These configurations, along with the other configurations, appear to
show that the RG-top barrier does not appear to significantly improve barrier performance compared to the thin vertical screen. Some slight improvements, mainly within +1 dB but Finding optimal geometries for noise barrier tops, JASA, p. 31 up to 2dB for some higher frequencies, are observed for the RN top but its performance remains far below that achieved by the T-top barrier.
For all sixteen source and microphone configurations considered, similar results were obtained (see Table 1 below). A qualitative analysis, similar to that used above, suggests that the agreement between FFT and 1/3 Octave filter calculations remains satisfactory in all configurations and that the most effective barrier type tested appears to be the homogeneous T-top barrier. Furthermore, both laterally heterogeneous jagged barriers appear less effective than the T-top, with the RN-top performing somewhat better than the RG-top. To arrive at a more quantitatively definitative conclusion on barrier efficiency from the insertion loss spectra alone, however, is problematic because, in general, the insertion loss functions (2) depend on too many external parameters: in particular on the lateral position x and the frequency f . There is already an averaging of the diffracted spectra over the lateral x-axis for jagged tops, thus excluding x from the external parameters. However, a further reduction of parameters is needed. The use of a form of weighted-frequency averaging allows us to additionally exclude the frequency f from the external parameters and characterize the barrier efficiency by a so-called single number insertion loss rating. A derivation of this single number insertion loss rating is discussed below in the next section.
B. Single number insertion loss rating
The single number insertion loss N for a traffic barrier can be estimated as follows. The insertion loss spectrum, IL(f ), as measured in the scaled (1 : 10) laboratory experiments, is rescaled from the laboratory frequencies, f , to the field frequencies, F = f /10, as IL(F ) = IL(f /10). A suitable empirical or analytical profile for a typical A-weighted traffic noise spectrum S(F ) is then adopted. In the estimates provided below we use the internationally standardised traffic noise spectrum given by European standard EN 1793-3 32, 33 . A single number insertion loss rating, N , (or barrier efficiency) in decibels for 
where n and m are the lowest and higher indices taken for the 1/3rd octave band central frequencies, F i , that are of practical significance (for EN1793-3 the applied range is 100Hz to 5kHz).
After employing this procedure, as well as the above-mentioned averaging over the lateral x-axis, the number of parameters in (2) can be reduced from six to four
, and the data on N , obtained from the results of all 112 experiments, are presented below. Recall that for field estimates, the lab frequencies f must be divided by ten and any lengths, e.g. R, should be multiplied by ten. To further confirm the robustness of the procedure, single-number insertion loss ratings were also calculated using a second traffic-noise spectrum standard from the Acoustical Society of Japan 10 and broadly similar N values and trends were obtained in this case.
VI. Directivity diagrams for single number insertion loss ratings
The values obtained for N from our experiments are summarized in Tables I and II.   Table I shows the single number insertion loss ratings for all barrier types (S, T, LD, LU, RG, RN) relative to the free (F) signal for all selected configurations of source and microphone position. Table II then shows the single number insertion loss ratings for the homogeneous barrier types T, LD and LU relative to both the free (F) signal and the thin vertical screen (S). Recall, that the notation Sθ S Mθ M is used. Also, note that the relative values for N , given in Table II , are not simply the differences of N values from Table I, but the result of separate calculations using different relative insertion losses in (9) . The results are discussed below.
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A. Jagged laterally heterogeneous tops -RG,RN
The data shown in Table I Table I ). This difference increases noticeably up to 7 − 9 dB with the increase of the microphone or source angles and this is broadly in line with predictions from the geometrical theory of diffraction. At smaller angles, the LD top efficiency (squares) is similar to the S-top (circles), while the LU efficiency (inverted triangles) is markedly better than the LD efficiency by about 2 − 3 dB making it comparable in performance to the T top (triangles) (see Fig. 12 and Table I) Thus, in all experiments the T-top barrier shows better performance than the other barrier types (see Table I ). How much better depends on the barrier top type, angles of measurements and, to a lesser degree, on the distance from the barrier top. As shown in Fig 12 , the single number insertion loss rating, N , relative to the free, F, signal, increases monotonically and significantly with increasing θ M and θ S . To estimate the effect of the increase in R, we show in Table II relative values, compared to the free F signal and to the S-top, of the single number insertion loss rating, N . In each column two N values are shown for two different distances, R. As can be seen, the effect of the distance change on N is small (on average about 0.5-1.5 dB) and may be neglected compared to the effect of a change in either θ S or θ M . This rather unexpected result is in line with the experiments of Finding optimal geometries for noise barrier tops, JASA, p. 38
Okubo and Yamamoto 5 . Thus, to leading order, the effect of the distance change may be neglected and the number of parameters in (2) can be reduced to only three, i.e
, to determine a general barrier top efficiency measure, N .
VII. Conclusions
This research was motivated by the need to develop a methodology for parsimonious scaled acoustic laboratory experiments where the acoustic characteristics of the traffic noise diffracted above sound barriers with different tops may be estimated and compared. Short impulsive spherical sound waves with a broad frequency spectrum were used in experiments as a controlled sound source. A highly stable three-electrode spark discharger was designed and constructed for this purpose. Because the duration of the sound pulse is sufficiently short, the primary signal diffracts from the barrier top and arrives to the receiver earlier but with an advantage of the 1/3rd octave filter being that its spectrum is less noisy. The experimental data was also validated against theory with very good agreement for a thin vertical screen when compared to a prediction using the geometrical theory of diffraction.
However, when the same theoretical approach was applied to a T-top barrier the agreement was not quite good with variations of 1 − 2dB between theory and experiments along with a distinct overprediction by the theory of the insertion loss at higher frequencies.
Taking into account the large number of the external parameters and to simplify the analyses, spatial and spectral averaging were applied to the data and the number of Finally, note that parameterizations and/or improved theoretical considerations, similar to (4) and (8) for the thin vertical screen, are obviously needed for other barrier tops. However, this requires conducting a larger number of experiments with differing top geometries. Using the methodology developed and presented here, we plan to work in this direction in the future.
The pressures signals obtained from the memory of the digital oscilloscope (see Fig.1 ) were stored as ".lvm" files using LabVIEW software. To process these data, a custom-built MATLAB software package was used. The program collects the sound pressure signals directly from the ".lvm" files generated by LabVIEW and, to process the initial data, some parameters from the user are required, e.g., oscilloscope sensitivity, time scale, amplification of the preamplifier. The code is used to convert the initial data from these its sub functions were then used to calculate pressure power spectra. An additional function "IL" was used to calculate insertion loss spectra for each type of barrier top from the corresponding power spectra and the relevant insertion loss function was plotted.
Appendix B. Spark Discharger
The spark gap trigger circuit was constructed using an automotive ignition coil as the high voltage source. A variable transformer was employed in this circuit to adjust the trigger voltage for repeatability and to eliminate false triggers. A 400 V TVS and a high voltage capacitor was placed in parallel with the trigger switch contacts as a "snubber" to clamp voltage spikes that could damage the switch contacts. When a pushbutton switch is closed, the automotive ignition coil is energized. When the same pushbutton is then opened, the sudden change of current flow in the primary side of the coil causes a high voltage in the secondary coil following Faraday's law of electromagnetic induction, and this is used to trigger the main spark gap by a partial ionization and breakdown of the air in the gap.
